Escherichia coli is simultaneously an indicator of water contamination and a human pathogen. This study aimed to characterize the virulence and resistance of E. coli from municipal and hospital wastewater treatment plants (WWTPs) in central Portugal. From a total of 193 isolates showing reduced susceptibility to cefotaxime and/or nalidixic acid, 20 E. coli with genetically distinct fingerprint profiles were selected and characterized. Resistance to antimicrobials was determined using the disc diffusion method. Extended spectrum β-lactamase and plasmid-mediated quinolone resistance genes, phylogroups, pathogenicity islands (PAIs) and virulence genes were screened by polymerase chain reaction (PCR). CTX-M producers were typed by multilocus sequence typing.
INTRODUCTION
Escherichia coli is simultaneously a biological indicator of water treatment safety and an important human pathogen responsible for several diseases (Edberg et al. ; Kaper et al. ) . E. coli presents several virulence and antimicrobial resistance genes which contribute to its success as a human pathogen (Pitout ) . These genes may be disseminated by mobile genetic elements such as pathogenicity islands (PAIs), carriers of virulence factors, or plasmids with genes coding for both resistance and virulence determinants (Hacker et al. ; Carattoli ) . Water constitutes a good matrix for the lateral transfer of mobile genetic elements (Taylor et al. ) , which are responsible for the dissemination of virulence or resistance traits between bacteria from different sources, contributing to the modification of the natural bacterial ecosystems (Baquero et al. ).
Currently, an inverse relationship between antimicrobial resistance and virulence has been the consensus (Moreno et al. ) . However, recently it has been shown that these two features may co-exist in the same genotype perpetuating the bacterial lineage and highlighting concern because of its dissemination (Dolejska et The main objectives of this study were to characterize the virulence and antimicrobial resistance profiles of E. coli collected in waters from municipal and hospital WWTPs from central Portugal and to screen for the presence of mobile genetic elements.
MATERIALS AND METHODS

Bacterial isolates
Between April and May 2011, water samples were collected from four hospitals and three municipal WWTPs located in the central region of Portugal:
• 
Antimicrobial resistance determinants detection
The bla CTX-M , bla TEM and bla SHV genes coding for β-lacta- 
RESULTS
Bacterial isolates
A total of 193 presumed E. coli with reduced susceptibility to cefotaxime and/or nalidixic acid were obtained from WWTPs. The majority of the isolates showed an identical genetic profile and only 20 isolates with distinct profiles were selected (non-duplicate isolates) and further characterized for resistance and virulence profiles ( Table 1) . Fourteen of the non-duplicate isolates were from municipal WWTPs, while the remaining six were recovered from hospital water samples. The municipal isolates were recovered from WWTP2 (n ¼ 7), followed by WWTP3 (n ¼ 4) and WWTP1 (n ¼ 3). Isolates W4 and W12 were detected in both the influent and effluent of the respective WWTPs, and in addition W12 isolate was detected on two different sampling occasions. From the hospital WWTPs, three strains were recovered from the general hospital, two from the maternity hospital and one from the university hospital. E. coli isolates with reduced susceptibility to CTX or NAL were not detected in the outflow of the paediatric hospital.
Resistance profile characterization
The majority of the isolates were resistant to nalidixic acid (85%), followed by resistance to ampicillin (50%), amoxicillin-clavulanic acid (35%), cefoxitin (35%), cefotaxime (35%), 
Virulence profile description
The PAIs most frequently detected was PAI IV 536 (n ¼ 13)
followed by PAI II CFT073 (n ¼ 5), PAI I CFT073 (n ¼ 2) and PAI II 536 (n ¼ 1). PAI I 536 , PAI III 536, PAI I J96 and PAI II J96
were not detected. PAI IV 536 and PAI II CFT073 were more prevalent in municipal isolates. PAI II 536 was exclusively detected in a strain from a municipal WWTP. Different combinations of PAIs were identified (Table 1) .
Considering individual virulence genes, the most frequently detected was iutA (n ¼ 13), followed by papAH (n ¼ 2); more common among hospital isolates, sfa/foc and eaeA were less prevalent, each of them being detected in one isolate, the former found in a hospital source and eaeA detected in a municipal WWTP. The genes afa/dra, kpsM II, cnf, hlyA, stx1 and 2 were not detected. The most prevalent phylogenetic group was group A (n ¼ 7) followed by B2 (n ¼ 5), and finally B1 and D (n ¼ 4, each 
CONCLUSIONS
WWTPs constitute a potential mechanism of propagation of resistant and pathogenic bacteria from sewage of diverse origins, into the environment, and may thus contribute to the environmental dissemination of virulence and resistance determinants which constitute an important public health concern.
